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were moving slowly from the northwest, but the explosion 
served to tear the clouds apart, and create an openii?g 
directly above. (* * * “06  blZ?& sich p7O’Ac7t, pi . i i .  of silenc~,” et,c., are lacking. 
Loch i n  dcr cii-Dt~c;ke.”) After a while the slow south- 
eastward motion was resumed. 
o posite side of the Dnicper Rirer from the niiiss of 

mid anot,lier were so frequent and common in that 
T-icinity that nccumt.e data, such as coiicerns the “zone 

Tlie bearing of such tlisturhnnces upon rainfall and its 
A light rain fell on the . artificial production are logical ( ucstions, and the author 

inclines to the belief that disturf,ancas of this magnitude 
c f oud formed a t  the top of the smoke column. 
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A phenomenon, w1ii’C.h has herxi observed on s e n d  
occasions in the case of es losioiis in tlie craters of 
volcanoes was the viAility OF tlie s )heric.nlly eniii113 ting 

After noon, the vigorous biiilcliii up of cumuli over the 

tinued all through the afternoon fires and niiiior clet,ona- 
tions had c.onsiclerable influence upon the local wind and 
actually formed over thnt region a small low-presswe 
area. The possibility of the formation of such a small 
low-pressure area WRS investigated hy calculating the 
probable amount of heat liberated by the esplosions and 
the burning buildings in com arison with the amount, of 

224,000 kg. of explosive materisls were involved, i t  is 
found that about 160 s IO7 kg. calories were liheratecl. 
This compntat,ion is based on other stuclics on esplosive 
tem eratures and the fact that 7 kg. of trinitrot.oluo1 

ap roaching the computat.ion, yield 39s s io7 6 . calories. 
an s 211 s lo7, respectively. The mean of all c P eterniina- 
tions gives 2% s 167 Bg. cnlorirs. From the burning 
houses, it is estimated 41 s lo7 kg. cnlorirs were lil-,crat,ed. 
From the sun, insolation equivalent to 104 -x  107 kg. 
calories was received. This gives a total of 374 s lo7 kg. 
calories which is more tlian would be received wit,li a 
cloudless sk . 
Austro-Hungarian station, and the German station, both 
at the surface ant1 aloft, seem to bear out the point that 
a weak LOW was formed in this vicinity. ‘~iifortmi&itelz, 
observations from the opposite side of the Dnieper are 
lacking. Pilot balloon observations a t  the German sta- 
tioii (a few kilometers west of the explosion) showed 
before the catastrophe a west wind a t  the surface, hecom- 
in west-northwest up to the base of the clouds. The 
Joci t ies  varied from 5 to 14 meters per secoiiil. six 
hours after the explosion the winds were as follows: 

pressure wave against the dark smo 1 ;e clnucl nho~e .  

fire had subsided somewht, but t 7 le fa.ct that thcre coii- 

insolation received over t Y lis area. Assuming tha.t 

will s ibernte about 5,000 kg. c.alories. Other methods of 

The mea considered was 3 sq. km. 
The win B as observed a t  the Kiev obseii-atmy, the 
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This, combined wi tli the very slight evidence aff ordecl by 
the barograuhu, seems to inchate that there was a slight 
depression formed about the fire. 
As to the distances a t  which the detonations were 

heard, the author remarks that esplosioiis of one kind 
.- 

1 Cf. “The visibility of sound wares ” by F. A. Perret L’dsfronornif Ma 
pp. 193-196. Abstract In MONTHLY WELTHER REVIEW, b l a h ,  1920.48: l&-ld: 1919, 

may result in the wocluction of light rain.” BGt such 
asplosions are neit ier economical nor )ractical, and, in 
general, a drought would he quite as we come.--C: L. df. \ I 

TABLESOFSUNSPOTFREQUENCYFORTHEYEARS 1902- 
1919.1 

By A. WOLFEB. 

[Zurich, Switzerland, Aug. 15,1920.1 

SYNOPSIS. 

This article presents tables of observed and smoothed sunspot num- 
bers which will serve a9 a continuation t,o those previously published, 
carrying them up to the end of 1919. 

-4 discussion of the epochs of nissima and minima from 1610 to the 
maximum of 1917 rewlte in a revision of the length of the sunspot 
period from 11.12 years to 11.2. 

Tlie revised edition of the Wolf Tables of Sunspot Fre- 
c1uenc.y for the yea1.s 1749 to 1900, which mere published 
in 1908 in Ssfronornisc7~ IlJiftc.i.li.im.gen No. 93, and also 
in the hkwriiL1‘ WEATHER   VIEW for April, 1903, has 
been followed by two supplementaiy editions, the first 
of w1iic.h appcnred in 1913 in the B.iiZ7ct.in of the Mound 
I’ratltcr Obwrmtoty  a and t;he second in 1915 in the Me- 
tcoroloyieclrf~ 2 .-if.scIw[ft? The fiixt included the years 
1901-1913: the second, 1902-1914. A request from the 
editor of the MOXTIILY WEATHER REVIEW has resulted 
in the preparittion of n third edition in the same form as 
that of 1003 and including the period beginning in 1901 
ani1 cniling wit.li 1$j10. 

Table 1 gives tlie definitive monthly nieans of the ob- 
sei7retl daily suiispot relative numbeiv which one may 
find published year by year by tlie Zurich Observatory 
in t,he d.s.frc)ir.onisc7r~ 11 bt fc . i lw iqP)~ .  These means are 
hnseil, wit,liout esception, upon careful daily observa- 
tions, in M hirh one and the same instrument has been 
eniploj-eil a t  the Zurich Observatory on from 570 to 300 
clavs of tlie year, so that there is not a single day whose 
vdue  docs not rest upon a real observation. As is known 
from the dstron.orn i.w7i,c 1.liffrilir q e i i , ,  these obseivations 
are supplementer1 by foreign obseirations made with 
diflerent instruments and by tliflerent obseiwm, and these 
are rendered comparable w-it.li our own by means of 
empirically determined reduction factors. Hence, all 
of tlie daily spot relative numbeiv are combined and 
publishetl in a completely unified system. The monthly 
nieaiis given in Table 1 are followed in the last column 
by the yearly nieaiis and the niasima and minima de- 
noting tahe 1 I-yeitr period are made conspicuous by bold- 
face type ani1 italics, respectirely. __ 

a Cf. Esp , James P., Rain from cumulus clouds over fires. 

1 Translated b> C. Le Boy Meisinger. 
2 Vol. 5, pt. ti, p. 365. 
a PP. i w - 1 9 ~  

MONTHLY WEATHEB 
REVIEW d k h  1919 47: 1%-157. 
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TABLE l . -Mmthly m c ~ 1 5 8  of observed sunspot relatiae numbers. __  

5. R 
1.4 

11.9 
ifi.31 

cis. .If 

111.2; 

6i.41 

59.41 
114.9 

1801 ........ 
l$m ........ 
toot ........ 
19uI ........ 
1905 ........ 
lBa, ........ 45.5 31.31 
1W7.. ...... 76.4 108.21 
1- ........ 39.: 33.9 
1909 ........ 56. I 46.61 
1910 ........ 2R.4 31.51 
1911 ......... 3.4 9.0' 
1912 ........ 
1913 ........ 
1914 ........ 
1915 ........ 
1916 ........ 
191i ........ 
1918 ......... 
1819 ........ 

66.5 39 3 48.0 
64.5 55.3 5 i . i  
e0.i 52.6 43.0 

86.3 32.3 36.0 
21.4 8.4 2'2.2 
7.5; 16.5 9.0 
4.9 4.5 4 .4  
n. 5 0.9: ti. I )  
3.1 17.31 5.2 

3S.S 4_1.3j 33.0 
67.0 ,1.8! 74.5 
24.s 74.i~l14,l  
G2.2 80.5: i6.7 
66.5 51.81 SS.1 

25.7 5 i .6  40.8 39.5 90.5 
35.9 23.1 

1. I 

5.4) s:; 
i l .6 '  f4.6 
s .51  35 2 

119. 91154. 

?. i 

24.4 
42.0 
63.5 
53. R 
62.0 
4s. 5 
43.9 
1W.8 
5. i 
3.1; 
1.4 
9.6 

47.4 
55 .4  

103.9 
.MI. fi 
63. ri 

5. n 

I , , ,  
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Table 2 contains the so-called "smoothed " monthlv 
means of relative numbers which show the ?ncrcn ninrch 
of spot, frequency through the 11-year period freed from 
the secondary short- eriod variations. Concerning t,he 

numbers, i t  is necessary to see the MONTHLY WEATHER 
REVIEW or the BzrlleCi.n of the. i l f o w t  Wmther'Obs4nqn- 

It is sufficient here merely t,o refer to t,hrse nr- 
[ , i s .  The method of ndjust,meiit is so successful t.hat 
short-period variations-those wit.hin a year-seem p e t -  
ty completely to disappear. For iiivestiptitions conc.ern- 
ing the general long-period variations of sunspot pheiiom- 
ena, these values oi't'er as prltatical a basis as the direct 
observations. Especially valuable are the smoothed 
values in determinations of the. masima and minima of 
the 1 1-year period, because with the observed d u e s  
there, is sometimes Gonsiderable doubt ns to the correct 
epoch owing to the presence in the vicinity of a prinoipnl 
maximum or minimum pf a lalye secondnry niasinium or 
minimum; this uncertainty disappears as a rule in the 
smoothed numbers, hence they are of greater value in 
determinin the epochs. The masimum and minimum 

shown in Table 2 in bold-faoed type and italic, respec- 
tively. 

TABLE P.-Snwothed monthly m e a m  of armpot reldive mmabers. 

manner of their calcu P atmion from tlie ' *  observecl " monthly 

values of t B e smoothed monthly relntive numbers are 

1901 ___._.:. I  4.8 4.4 
lsoz ........ 9.6 2.7 
1- ........ 12.3 14.6 
1904 ........ 35.5 87.7 
1905 ........ 52.5 53.5 
19% ........ G4.4 e4.2 
ICm; ........ 56.9 55.0 
loOg ........ 50.5 51.6 
190!? ........ 49.4 46.4 
1910 ........ 31.5 30.1 
1911 ........ 12.0 11.2 
1911 ........ 3.2 3.0 
1913 ........ 2.6 2.5 
1914 ........ 4.6 5.1 
1915. ....... 29.4 34.9 
1916 ........ 57.8 55.6 
l O l i  ........ 73.4 81.2 
1918 ........ 95.5 92.8 
1919. __.I.. . 78.4 75.2 

3.9 3 21 
3.11 3:91 

56.4 59.61 

15.R 16.91 
19.7 41.1, 
54.6 56.61 
63.8 61.3l 

53.2 51.9 
41.6 40.7! 
9 .1  2i.7' 
10.01 3.1 3.4 7.61 

2.2 1.81 
5.8 6.51 

38.9 42.3' 

89.; 94.1 

72.6, iO.41 

54.0 53.71 

s . 5  87.4 

45.31 46.9 
54.6' .%.3 
96.3 1ilO.i 
R i . 0  Ls3.5 , 6i.4; M.H, 

3.0' 3.1 

25.41 3 . 0  
42.9: .16.4 
R3.1' 60.4 
55.1( 59.6 
60.51 55.9 
49.31 50.5 
42.61 40. i 
17.61 15.7 
5.6, 5.1 
3 . i :  3.9 
1.5, 1.5 

10.4 12.9 

1 . 3 ;  60.2 
1$.X1105.4 

5.21 6.0 

4R.J 49.8 

IS.& 77.2 ...... 1 ..... 

51.4 X . 3  50.4! 50.15 

...... 

9.4 
5.7 

44.1 
5% 7 
0 . 3  
56.11 
51.2 
40.6 

6.5 

9. n 

21.0 

3,.5 
ii:i 
48.4 
59.1 
96.2 
10.1 ...... 

A table of the e 0c.h~ of niasima and niinima from 1610 

MONTHLY WEATHER REVIEW, and concluded with the 
maximum of 1694.1. These epochs are repeated in 
Table 3 and the table is estended to include the masi- 
mum of 191'7. In addition, are given the time interval 
between suc,c.essive niasima and minima. In order to 
add the additional years' data to the mean of the sun- 
8pOt period, these values were aver -eel and the revised 

to 1901 was pu K lished in the earlier article in the 

value is 11.2 ears, as opposed to "$n t e previously pub- 
lished value o ? 11.12 years. 

41@OZ,30: 171-176. 'Vol. 8, pt. 0, p. aBb. 
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Weight. 

TABLE 'd.-.??pochs of sunspot mam'ma m d  minima. 

Period. Epoch. 

Time. 

1010.8 

1619.0 

1634.0 

1 W .  0 

1655.0 

1 w .  0 

1679.5 

1689.5 

1098.0 

1712.0 

1'123.5 

1734.0 

1745.0 

1755.2 

l7M. 5 

1775.5 

1784.7 

1798,3 

1810.0 

1523.3 

1833.9 

1M3.5 

1858.0 

1867.2 

1878.9 

1889.6 

1901.7 

1913.0 

Radiation' 
lrom 

ral. 
min. em.? 

---.I 

heater. Rrmnrks. 
.... 

Minima. 

Weight. 

5 

1 

2 

S 

1 

2 

2 

2 

1 

3 

2 

2 

2 

9 

5 

7 

4 

. 9  

8 

10 

10 

10 

10 

in 

10 

10 

10 

10 

8.2 

15.0 

11.0 

1n.o 

1i .n 

13.5 

10.0 

e. 5 

14.0 

11.5 

in. s 

in. 2 

11.0 

11.3 

9.0 

9.2 

13.6 

12.3 

12.7 

10.6 

9.6 

12.5 

11.2 

11.7 

10.7 

12.1 

11.7 

- 

Epoch. 

1615.5 

1628. o 
1639.5 

1649.0 

1660.0 

1675.0 

i 6 s . n  

1693.0 

17Cl5.5 

1715.3 

1727.5 

1738.7 

1750.3 

1761.5 

1769.7 

177s. 4 

1755.1 

1SO5.2 

1516.4 

1829.9 

1S37.2 

161s. 1 

1860.1 

1870.6 

1SS3.9 

1s94.1 

1%. 4 

1917.6 
-. - 

I 11.0 

io. n 
8 8.0 

1 1  
15.0 

i 12.5 

1 11.2 

1 12.7 

4 
11.2 

11. 6 

I 8.3 

i 5.7 

2 ;  

8 ,  

5 

8 
11.2 

13.5 

12.0 

10.5 

13.3 
10 

lo I 10.2 

lo I 13.3 
10 j 
10 1 11.2 
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SMUDGING AS A PROTECTION FROM FROST. 

By HERBERT H. KIMBALL and ~ O Y D  D. YOUNG. 
[Weather Bureau, Washington, D. C., June 7,1920.J 

There are three quite different tYpes of oil-bur~ling 
heaters in eneral use on the Pacific coast. They are 
commonly d esignated hiqh-stack, short-stack, a.nd open 
or lard-pail heaters.' The distinguishing charactPrist.ic 
of the hiah-stack heater is that abundant draft is pro- 
vided, an3 almost coni Aete conibust,ion of the oil results, 

trary, the lard-pail type of heater has iiisufficicnt draft 
for I complete combu~stion, and a dense smoke results. 
The short-stack heater is intermediate to the otlier two 
ty es with respect to both combustion aiicl smoke. 

%here the location of orchards or other vegetation to 
be protected is near a city or town of considerable size 
the smoke cloud from numerous lard-pail or short-stack 
heaterv may be highly objectionable. On tlie ot,lier 
hand, it is maintained by some tsliat the smoke cloud is a 
necessary accompaniment of efficient orchard heating, 
since it retards not only nocturnal cooling of the ground 

with the formation o i? only light smoke. On t,he coii- 

1 See Fanner's Bulletin lOM, pp. 20-21, for illustrntions and descriptions of these 
heaters. 

and lower air strata, but also the escape of the heat 
produced by combust.ion from air near t,lie ground, where 
it is most needed. to higher levels. 

Some measurements of tlie rate at which heat is given 
ofl by clifFereiit types of heaters. and of comparative rates 
of nocturnal radiation under and outside a siiioke cloud 
producer1 by heat.ers, will be of interest in this connection. 

Throug? t.he kintlness of Mr. J. E. Adamson, of Pomons, 
Calif., a hchcu (high-stack) and a California (lowstack) 
heater were received a t  tlie central office of the Weather 
Bureau early in 1919. On the eyening of January 21 
t,hey were set up 011 tlie Weatlier Bureau grounds at  a 
dist,ance of 10 feet froni Smithsonian pyranometer NO. 2: 
which hail its glass cover removed, and t.lie flat surface 
c.ont,nining the blackened st.rips in a vertical plane 
squarely facing the heat.ew. 

Before t,he heat,ers were fired the pyranometer shutter 
WRS ol>enecl and the outgoing radiation to the sky and 
surrountling buildings measured. The loss of heat was 
found to be a t  the rat.e of 0.045 calories per minute per 
squttre cen timet,er. The Scheu heater was tlien lighted 
and measureinent.~ given in Table 1 were obtained. 
T ~ B L E  l.---11femur~aie?its of rdiniion from a Schni orchard heater, 

Jns. 9,1919. 
[SurIxc of pyranometrr vertical and at level 01 renter of lower sertion of stark.] 

p .  m. 
1:;o.. .... 
7 : s . .  .... 
I :.d. ..... 
7s.. .... 
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%lo. ..... 

-. 
". 0.217 
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.SA!) 
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H ~ n l r r  red hot. 

Draft s partlr closed. 
I,ra[ts part15 do.;ed: 

only sxuall sertion 
01 pipa red. 

Lower sert.inn 01 
fiinnel s I i g 11 tly 
reA. 

Rnrliatior 

Time. I h y .  

i mimcm. 

p .  ni. I 
s:1IL. .............. 
W7. _.__. .lo7 
w 9 . .  .... ,259 
R:?O. ...... .?76 
W21.. .... 
L:?? .. 
8:?4. ..... .274 
R:". ..... .2%3 
$5.. . . . . .  ?i? 
S:?9.. .... .0!49 

Air 46.2' temperature F. 

Funnel slightly red. 
\ ery red. 

Almost no red. 

It will he seen that when the stnck of the heater had 
1,ecome red-hot the pyranometer appen.red to be receiving 
heat from it at an averii.,oe rate of 0.350 gram calories per 
minute prr square centimeter of iiornial surface: when 
very red the iiitmsity was nhout 10 per cent greater. 
With only .z slight indicntion of rcd the spparent radia- 
tion WIXS n t  the rnte of ahont 0.100 gr. ca1. 
The ahovc rnt.rs niust be increased by 0.015 gr. cal., the 

measured rnt,e of cooling, t ~ )  oht.nin t,he t,rue rate of heating. 
Tnis giv-os O.:K?fi, (1.395, and 0.145 calories for the radia- 
tion frmi the hcntrr w1ic.n the sta.ck is very red, red, 
and only slip11 t,ly rcd, rcspect.irely. 

Similar nicas~~rcmoi~t,~ made with an Adamson high- 
st.tick hrnter in an orange grove at  Yoniona, Calif., on 
February ?ti, 1930. niter ntltling 0.0:33 for tlie mewjured 
rnte of cooling, give O.35P calories for the radiation from 
a rccl-hot licnt,cr sud 0.1 17 calories when the stack had 
lost its recliwss. 

The following nieasurenicn ts have been oh tainecl on the 
rate of rtditttion from short-stack and lard-pail I~eat~m,  
t,lie pyrainoniet,er in each instaiice being esposed as in 
thc mcasurcnirnts 011 the high-stack heaters. 

____ 
2 For a dejeription of this instmment, see Smithsonian Mix. COIL 66, Nos. 7 and 11. 


